Porcine factor XI and activated factor XI were purified by the introduction of affinity Chromatography on high molecular mass kininogen. On the affinity Chromatography, it was observed that high affinity exsists between porcine factor XI and high molecular mass kininogen. In the preparation, however, factor XII, plasma prekallikrein and high molecular mass kininogen were not detected. The factor XI forms a dimer, and is a heterogeneous molecule, judging from sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Substrate specificity of activated factor XI and inhibition profile of activated factor XI against proteinase inhibitors were investigated by comparison with those of bovine and human activated factor XI. From these results, the properties of porcine activated factor XI show great similarities with those of bovine and human activated factor XI.
Factor XI (F.XI) is present in zymogen form in plasma. F.XI was purified from human (Bouma and Griffin, 1977; Kurachi and Davie, 1977; Mannhalter eia/., 1980) , bovine (Koide et al., 1977) and rabbit (Wiggins et al., 1979) plasmas, and characterized. Human and bovine F.XI are homodimer composed of two identical monomers, however, rabbit F.XI was purified as a monomer. Human and bovine F.XI is converted to the activated form (F.XIa), receiving a proteolytic cleavage by activated factor XII (F.XIIa). Recently, it was revealed that F.XI is activated by thrombin (Gailani and Broze, 1991; Naito and Fujikawa, 1991) . During the activation of F.XI, F.XIIa cleaved a single * A preliminary report of these findings was presented at the International Conference "Kinin '91 Munich", September, 1991, Munich and the proceeding was published in Agents and Actions, Supplements, vol. 38/II, pp. 249-256,1992.
peptide bond of each monomer of F.XI, and F.XIa composed of heavy (H)-chain and light (L)-chain. The H-chain bears the high molecular mass kininogen (HK) binding site (Akiyama et al., 1986; van der Graaf et al., 1983; Sinha et al., 1985) . Therefore, F.XI circulates in plasma as a complex with HK Thompson etal., 1977) , cofactor of intrinsic blood coagulation, like prekallikrein (PK) (Mandleefa/., 1976) . This paper describes the purification of porcine F. XI and F.XIa by the introduction of affinity Chromatography on HK, the natural complex partner of F.XI, and some properties of porcine F.XI and Xla.
Firstly, we attempted to purify F.XI from porcine plasma according to the purification method of F.XI from human, bovine or rabbit plasma. But, the purification was not so easy because of its low concentration in plasma and its high susceptibility to F.XIIa and thrombin. To avoid the contact activation and to overcome the proteolytic digestion, Polybrene® (Aldrich Chemical) and benzamidine (Tokyo Kasei Kogyo) were added to every buffer, and diisopropylfluorophosphate (DFP, Katayama Kagaku Kogyo) was added to the fraction after the Chromatography. Without addition of these inhibitors, F.XIa was obtained. So, these inhibitors were indispensable for the preparation of intact F.XI.
In the course of study, we used benzamidine-Sepharose (Pharmacia) and heparin-Sepharose (Pharmacia) for purification of porcine F.XI according to the published method of human F.XI (Kurachi and Davie, 1977) or bovine F.XI (Koide et al., 1977) , however, these affinity chromatographies were not effective (data not shown). So, we attempted to use the porcine HK-Cellulofine.
It was reported that plasma PK binds to HK with higher affinity than F.XI (Bouma ef al., 1983; Tait and Fujikawa, 1987) . Therefore, it is necessary to separate F.XI from PK prior to the use of HK-Cellulofine.
On the Q-Sepharose Fast Flow (F.F.) (Pharmacia) column Chromatography (Figure 1 ), PK did not adsorb to the column, while, F.XI adsorbed to the column and eluted by 0.2-0.35M NaCI. So, by this Chromatography, F.XI was perfectly separated from plasma PK. Figure 2 showed the chromatogram of HK-Cellulofine. F.XI was adhered to the HK-Cellulofine column. So, the character of F.XI to bind HK is conserved in porcine F.XI. Porcine F.XI was not eluted by the buffer containing 1 M NaCI which was used as elution condition of human F.XI (Fujikawa et al., 1986) , or 3 M NaCI. So, the binding affinity 500ml of porcine plasma containing 5mM benzamidine (Tokyo Kasei Kogyo) and 500mg/l of Polybrene® (Aldrich Chemical) were dialysed against 10 I of 0.02 Μ sodium phosphate buffer (pH 6.5) containing 5mM benzamidine and 500 mg/l of Polybrene®. Dialysate was applied to a column (7.5 χ 17 cm) of Q-Sepharose F.F. (Pharmacia) equilibrated with 0.02 Μ sodium phosphate buffer (pH 6.5) containing Polybrene® (500 mg/l) and 5mM benzamidine. Column was washed with 2.51 of the equilibration buffer. Proteins were eluted with a linear gradient of NaCI from 0.02 Μ to 0.52 Μ (1 I each) in the equilibration buffer. The activities of F.XI and PK were determined with standard clotting assays (Bouma and Griffin, 1977) . One unit was defined as the amount of activity which is present in 1.0 ml of porcine plasma. Fraction numbers 250-280 were pooled. of porcine F.XI to porcine HK is stronger than that of human F.XI to human HK. By this Chromatography, specific activity increased 290 fold as compared with that of the preparation before the column Chromatography. This result indicates that HK-Cellulofine affinity Chromatography is a very useful tool for the purification of porcine F.XI. However, the 3M NaSCN eluted fraction contained not only F.XI but also other contaminating protein (Figure 3 ; lane 1 and 2). Bouma and Griffin (1977) reported that purified human F.XI preparation contains immunoglobulin G at a concentration from 5% to 25%. And the migration pattern of the protein on SDS-PAGE is well agreed with that of immunoglobulin (Figure 3 ; lane 1 and 2). Therefore, we thought the contaminating protein seems to be immunoglobulin. Actually, immunoglobulin was effectively separated from F.XI by Chromatography of Protein A Superose (Pharmacia) (data not shown).
By three steps of column Chromatography, F.XI was purified from 500 ml of porcine plasma. Yield of F.XI was about 45%, and specific activity of porcine F.XI was 40.9 units/mg of protein (Table 1) .
Final porcine F.XI showed minor microheterogeneity under non-reduced or reduced condition (Figure 3 ; lane 4 and 5) on SDS-PAGE. Namely, reduced F.XI showed two bands; the major band was 80 kDa and the minor band was 75 kDa (Figure 3 ; lane 5). On non-reduced condition, F.XI also showed two adjacent bands; the major and minor bands were about 205 kDa. This result indicates that porcine F.XI also forms dimers as bovine and human F. XI, and that it is not a monomer as rabbit F. XI. On non-re-3M NaCI Porcine HK was prepared by our method (Mashiko et aL, 1993) , and HK was immobilized to Formyl-Cellulofine (Seikagaku Kogyo) according to the instruction manual. One-third of F.XI fraction obtained from Q-Sepharose F.F. column Chromatography was applied to a column (3.5 χ 3.5 cm) of HK-Cellulofine equilibrated with 0.05M Tris/HCI buffer, pH 7.5, containing 0.15M NaCI, 5mM benzamidine and Polybrene® (500 mg/l). The column was washed with 1 I of 0.05Μ Tris/HCI buffer, pH 7.5, containing 3 Μ NaCI, 5mM benzamidine and Polybrene® (500 mg/l). Proteins were eluted with 500 ml of equilibration buffer containing 3 Μ NaSCN. Fraction numbers 71 -88 were pooled. Residual twothird of the fraction was treated in the same way, and F. XI fraction was combined.
duced condition, the separation of these two bands was not sufficient. Therefore it is difficult to confirm it from F.XI was subjected to SDS-PAGE (4.5% stacking gel and 10% running gel; Laemmli, 1970) and gel was stained with silver staining kit (Kanto Chemical). 1) Non-reduced protein obtained from HK-Cellulofine column Chromatography; 2) reduced protein obtained from HK-Cellulofine column Chromatography; 3) molecular mass standard proteins (MW-SDS-200, Sigma Chemical Co.); 4) non-reduced F.XI; 5) reduced F.XI; 6) molecular mass standard proteins. Protein concentrations were determined by measurements of the absorbance at 280 nm, assuming that an absorption value of 1.0 equals 1 mg/ml. Griffin, 1977; Kato et al., 1989; Mashiko and Takahashi, 1992) . The F.XI preparation shortened only the abnormal clotting time of F.XI-deficient plasma (George King BioMeical), and had no effect against F.XII-, HK-or PK-deficient plasma (George King Bio-Meical) (data not shown). The preparation shortened the abnormal clotting time of F.XI-deficient plasma only in the presence of kaolin, and did not shorten the abnormal clotting time of the deficient plasma in the absence of kaolin. These results indicate that F.XI thus obtained is a precursor form, and that other contact factors are not present in the preparation.
By Q-Sepharose F.F. column chromatography without addition of benzamidine and Polybrene® we obtained spontaneously activated F.XIa fraction. This fraction was used as starting material. F.XIa was also isolated by the same procedure of F.XI as described above. HK-Cellulofine is also useful for the purification of F.XIa.
Substrate specificity of F.XIa was examined using various synthetic peptidyl fluorogenic substrates and was compared with that of bovine (Iwanaga et al., 1979) or human (Kawabata et al., 1988) F.XIa. The coagulation assay with human deficiency plasma clearly indicates that porcine F.XIa can activate human F.XI. But, as shown in Table 2 , the substrate specificity of porcine F.XIa against synthetic substrates (Peptide Institute Inc.) was somewhat different from that of bovine or human F.XIa. N-tertbutyloxycarbonyl (Boc)-Phe-Ser-Arg-4-methylcoumaryl-7-amide (NH-Mec), Boc-Val-Pro-Arg-NH-Mec and BocLeu-Thr-Arg-NH-Mec are good substrates for porcine, bovine and human F.XIa, however, there are differences between these three species. Among these three substrates Boc-Val-Pro-Arg-NH-Mec was best hydrolysed by porcine and human F.XIa whereas Boc-Leu-Thr-Arg-NHMec was the best substrate for bovine F.XIa. Hydrolysation of Boc-Val-Pro-Arg-NH-Mec by human F.XIa was twice as active compared to Boc-Phe-Ser-Arg-NH-Mec, however, porcine F.XIa splitted Boc-Val-Pro-Arg-NH-Mec almost with the same activity as does Boc-Phe-Ser-Arg-NH-Mec. The results show that among these NH-Mec substrates none is specific for the determination of porcine F.XIa activity.
Inhibition of amidase activity of the F. Xla was examined by various serine proteinase inhibitors. The activity of F. Xla was perfectly inhibited by DFP (10' 6 M), and 60%, 80% and 80% of the activity were inhibited by lima bean trypsin 
